RAPD analyses have been used to determine the genetic diversity and the population structure of the endangered Blanca Cacereña bovine breed. Genetic variability was evaluated on the basis of 1048 loci produced by 71 primers. RAPD produced a number of polymorphic loci (30.44%), and it has been proved to be a useful method for evaluating polymorphisms in this breed. The dendrograms based on simililarity indexes and on Nei's genetic distances between 60 animals and the value of genetic differentiation among subpopulations (F ST ) showed a clear population substructure defined by herds and a scarce genetic flow among herds. Analysis of molecular variance (AMOVA) showed that 32.4% of the total variance was due to differences among herds and confirmed the clustering found. The results of the present study allow us to plan more adequate mating in order to maintain the genetic diversity and to improve the efficiency of conservation for the Blanca Cacereña bovine breed.
Blanca Cacereña is one of the most ancient native Spanish bovine breeds, and it is present in south-western regions of Spain. Although its origin is uncertain, it is thought to be the only extant bovine breed in Spain evolved from the Bos desertorum , (Aparicio 1960 , Vallejo et al. 1990 ). The animals are white, their muzzle without pigment and with lyre-shaped horns. In earlier times the Blanca Cacereña was used for beef production and for its draught qualities (Sánchez-Belda 1984) . This breed is adapted to the environment but since the middle of the twentieth century substitution and crossing with more productive exotic breeds, mostly Charolais, progressively reduced the number of purebred animals and the breed was and has been close to extinction. At present around four hundred animals are distributed among sixteen herds. Most are the offspring of one male and fifty females, which formed in 1970 the founder nucleus. Since 1979 "Blanca Cacereña" has been considered one of the most endangered Spanish bovine breeds and the Ministry of Agriculture declared it a specially protected breed. In recent years, breeders and public organisations have made efforts to recover and conserve this breed. A herd book and a breeder association have been established and the number of animals has steadily increased since then. The small number of founder animals will undoubtedly have produced considerable homozygosity in the population. This will be associated with low genetic variability that could result in a decrease in fitness and an elevated risk of extinction (Frankel and Soulé 1981; Schonewald-Cox et al. 1983; Soulé 1987; Hedrick and Miller 1992) . The preservation of genetic diversity is the main consideration in conservation of endangered bovine breed, since it constitutes a gene reservoir for future animal production requirements. The DNA genetic variation can be readily achieved by random amplified polymorphic DNA (RAPD) analysis (Welsh and McClelland 1990; Williams et al. 1990; Williams et al. 1993) . This method has advantages over other kinds of DNA fingerprinting since it is rapid, low-cost, can be used with limited amounts of DNA, is suitable for work on anonymous genomes (Hadrys et al. 1992 ) and can detect the polymorphism in any kind of sequences (Haymer 1994) . However some limitations have also been found (the sensitivity of the fragment to small changes in reaction conditions or the possibility of non-reproducible amplification products) and have provoked the publication of some work on this topic (Meunier and Grimont 1993; Pérez et al. 1998) . To avoid these limitations, previous experiments to fix reaction conditions and to choose usable bands may be done (Pérez et al. 1998) .
RAPD analysis has been used extensively to detect DNA polymorphism, to produce molecular markers for different applications (Tingey and DelTufo 1992) and to analyse genetic variation between and within populations of plants and animals (Russell et al. 1993, Nusser et al. Edited by Naoyuki Takahata * Corresponding author. E-mail: jpadilla@unex.es 1996). RAPD analysis has been used to detect genetic similarity among individuals (Haymer and McInnis 1994; Horn et al. 1996) , to reveal polymorphism in cattle and sheep and horse Gwakisa et al. 1994; Kantanen et al . 1995; Bailey and Lear 1994; Apostolidis et al., 2001) , to identify the Y-chromosome in cattle, sheep and pigs (Antoniou and Skidmore 1995; Teale et al . 1995; Gutierrez-Adan et al . 1997; Castellanos et al . 1996; Yen et al. 2001) and to construct genetic maps in sheep, chicken and dogs (Cushwa et al . 1996; Levin et al . 1993; Wei et al . 1997; Rothuizen and Wolferen, 1994) .
In bovine populations genetic analysis of many individuals and gene loci is simplified by RAPD (Bardin et al . 1992 ). This technique is particularly valuable for revealing variation in species with low genetic variability (Bowditch et al . 1994; Nusser et al. 1996) . The aim of this study was to determine the genetic diversity and the population structure of the endangered "Blanca Cacereña" bovine breed using RAPD analysis.
MATERIALS AND METHODS
Samples Sixty animals, representing almost the 20% of Blanca Cacereña population, were selected in accordance with the following assumptions: a) Minimum average coefficient of relatedness with the rest of the population, estimated on the basis of pedigree (Parejo 1999) . b) Representatives of the different herds free from diseases such as brucellosis and tuberculosis (the sampling was proportional to number of the animals/herd). c) Age range from 2 to 10 years. d) The sampler should maintain the sex ratio.
The Table 1 shows the structure of Blanca Cacereña population at the moment of sampling (1996) , indicating the herds free from diseases and the number of animals sampled per herd. The small differences observed between the values of the two last columns were due to availability of animals when the samples were collected.
Two 10 ml blood samples were collected from each animal and transferred to a sterile tube containing EDTA as anticoagulant. After centrifugation at 1500 g for 20 min the buffy coat was collected into an eppendorf and stored at -80 ° C.
DNA extraction Genomic DNA was extracted from the frozen samples as described by Sambrook et al. (1989) . DNA concentrations were measured with a GeneQuant spectrophotometer (Pharmacia, Uppsala, Sweden) and the DNA samples were adjusted to a final concentration of 100 µ g per ml.
RAPD PCR amplification
The reaction and amplification conditions to analyze genomic DNA Blanca Cacereña cattle Breed were fixed through previous optimization experiments (Parejo et al. 1997 ) that have assured the reproducibility of the technique in our conditions. RAPD reactions were carried out as described by Williams et al. (1990) . The total reaction volume of 50 µ l contained 100 ng of genomic DNA, 2 µ M primer, 200 µ M (each) dNTPs (Pharmacia), 3.5 mM MgCl2 and 0.75 U of DyNAcyme II DNA polymerase (Finnzymes Oy). Eightyfour 9 to 13-mer primers (Amersham-Pharmacia Biotech) previously tested in other bovine breeds (Parejo et al. 1998) were used. Reactions were carried out using a DNA thermocycler (Perkin Elmer) programmed with an initial denaturation step at 94 ° C for 3 min followed by 40 cycles each at 94 ° C for 1 min, 40 ° C for 1 min 45 s and 72 ° C for 1 min 30 s, and a final extension step at 72 ° C for 10 min. A negative control reaction omitting template DNA was prepared for each primer on each occasion. All amplification reactions were repeated twice to test reproducibility.
Fragment visualisation Amplified DNA fragments were resolved by electrophoresis in 1.85% agarose gels and stained with ethidium bromide. Gels were photographed and the sizes of the RAPD bands were estimated with a 100bp DNA ladder included on each gel (DNA Molecular Weight Marker XIV, Boehringer Mannheim).
Data analysis
The RAPD profiles were analysed manually. Only primers that showed clear amplification patterns were considered. Amplified DNA fragments (bands) were scored as 1 (fragment present) or 0 (fragment absent) for each animal.
Statistical analysis
To determine the genetic variability within "Blanca Cacereña" population we used the asymptotically unbiased estimator of gene diversity given by Lynch and Milligan (1994) and the similarity index of Nei and Li (1979) . The average heterozygosity (H j ) was estimated with the following assumptions: a) All RAPD loci show complete dominance. b) All loci have two alleles. c) The marker alleles from different loci do not comigrate to the same position on a gel. d) The population is in Hardy-Weinberg equilibrium (Lynch and Milligan 1994) . The percentage of bands absent at a given locus will yield the frequency of the recessive homozygote (q 2 ), from which the frequency of the two alleles can be calculated. HardyWeinberg equilibrium cannot be determined empirically using dominant RAPD markers. Thus, the calculated heterozygosity (H j ) represents the heterozygosity expected given Hardy-Weinberg equilibrium. To reduce the bias associated with analysis of dominant markers, no loci with extremely low recessive allele frequencies, q<(3/ n) 1/2 , were included in the analysis (Lynch and Milligan 1994) . The similarity index between individuals was calculated as S = 2 m xy / m x + m y (Nei and Li 1979) , where, m xy is the number of shared markers between two animals and m x , and m y , the number of markers for each animal. The average similarity value ( S p ) was estimated and the genetic variability within "Blanca Cacereña" population was obtained as V = 1 -S p
The estimates of genetic similarity were performed using NTSYS-pc package, version 2.00 (Applied Biostatistic Inc, 1997), and TFPGA windows program version 1.3 (Miller 1997 ). UPGMA and Neighbor-Joining (NJ) analyses were carried out using both the similarity indexes (Nei and Li 1979) and the genetic distances previously estimated by the Nei's method (Nei 1972) . The dendrograms representing the relationship between the 60 animals were obtained from them. The degree of gene differentiation among subpopulations (herds) was measured by F ST (Wright 1951) .
A phenotypic analysis was also completed using AMOVA (analysis of molecular variance) developed by Excofier et al. (1992) . AMOVA can be used to analyse RAPD data to estimate how phenotypic variability is partitioned among groups, populations, and individuals (Huff et al. 1993) . A distance matrix based on the number of phenotypic differences between individuals was generated by AMOVA-PREP software, ver. 1.01 (Miller 1998) . This matrix was then entered into the WINAMOVA Version 1.55 program provided by L. Excoffier, in order to estimate the molecular variance components between and within herds.
RESULTS
Seventy-one primers (84.5%) produced clear high intensity amplification products, 35 of them (49.3%) yielding polymorphic patterns. Overall, 1048 RAPD loci were amplified, and 319 of them were polymorphic (30.44%). The total number of fragments per primer ranged from 4 to 26. The size of DNA-fragments amplified ranged from 0.19 to 1.45 Kb. Table 2 summarises the data obtained with polymorphic primers.
Considering all the 1048 loci analysed, the average expected heterozygosity calculated on the assumption of Hardy-Weinberg equilibrium was 0.112 ± 0.006 and the genetic variability estimated from similarity indexes was V= 0.060 ± 0.001. Both values represent the gene diversity within the population for the 60 analysed animals.
Cluster analysis was carried out on genetic distance values computed from observed marker frequencies (Nei 1972) and similarity index (Nei and Li 1979) using UPGMA and NJ and the topologies of the dendrograms are similar. With the exception of animals from the 'Censyra' herd that are grouped in two clades, the majority of individuals from each herd are clustered together. For example, all but one of the 'San Rafael' and 'Diputación' animals are found in single groups (10/11 and 5/6, respectively). 'Navalmoral' and 'Moraleja' animals also formed discrete clusters with more than 72% of the animals grouped together (Figure 1) .
The diversity results, both within and between herds of Blanca Cacereña population, are presented in Table 3 . Cluster analysis among herds was carried out using NJ ( Figure  2 ) and showed San Rafael and Moraleja with the closest relationship while Censyra is the group that is more distant from the others.
The value of genetic differentiation (F ST ) among herds was 0.367 ± 0.01. The AMOVA analysis (Table 4) showed that approximately 32.4 per cent of the variability of the analysed animals of the Blanca Cacereña breed is due to differences among herds ( Φ ST = 0.324). These results corroborate the clusters observed in the dendrogram of the sixty animals ( Fig. 1) and suggest that there is a population substructure defined by herds. Table 4 . Analysis of Molecular Variance (AMOVA) for 58 Blanca Cacereña cattle belonging to five herds, using 1048 RAPD markers. Measurements include: degrees of freedom (df), sums of squared deviations (SSD), and mean squared deviations (MSD); P-value represents the probability that by chance a more extreme variance component would be observed compared to a null distribution generated from 1000 random permutations of the data matrix. 
DISCUSSION
The use of the RAPD technique has its limitations, due to the sensitivity of the technology to local laboratory conditions and PCR protocols, which make non-reproducible amplification products (Meunier and Grimont 1993; Pérez et al. 1998 ). However, this limitation has been avoided by means of previous optimization experiments (Parejo et al. 1997) , which have allowed us to establish better conditions for amplification of genomic DNA Blanca Cacereña cattle breed and to ensure the reproducibility of the technique. In our conditions only 13 primers were discarded because of failure to amplify.
The proportion of polymorphic primers (49.3%) and the level of polymorphism detected (30.44%), contrast with the statement by Kantanen et al. (1995) that testing hundreds of primers would be required in order to obtain enough polymorphic RAPD fragments in cattle for the evaluation of genetic changes in endangered populations. Our results show that RAPD-PCR applied to bovine DNA produces a high number of bands and can be a useful method for evaluating polymorphisms in this breed.
As could be expected in an endangered breed, the level of genetic variation obtained in the Blanca Cacereña breed was low, and several causes may have contributed to this (genetic drift and inbreeding). Actually, the majority of the animals of the population derive from the founder nucleus, which was formed in 'Censyra' with an only male and fifty females. Moreover, uncontrolled mating in the recent years has resulted in an increase in the genetic relationships within the breed. Parejo (1999) , through genealogical data estimated a high average inbreeding coefficient in this breed, which even reached 0.49 in some animals. In this sense, reproductive alterations such as fertility reduction, increased calving intervals and congenital malformations have been detected in some animals (Calero, personal communication). Vallejo et al. (1990) in a previous study carried out on this breed, with ten blood systems found a heterozygosity value (0.253 ± 0.067) higher than the value obtained by us, but the methods used in both experiments are very different. The protein marker variation represents only a small portion of the total genome variation (Barrowclough 1983) and generally corresponds to single loci, while the RAPD technique detects polymorphism in coding as well as non-coding DNA sequences (Haymer 1994) . Therefore it would be necessary to redo the protein analyses in the actual animals of the breed to be able to compare both variability values.
The dendrogram constructed from genetic distances, and the F ST and Φ ST values, show a clear population substructure defined by herds. This remarkable degree of herd clustering was unexpected, due to the historical origin of the population. The documentation about the history of the breed (Bullón 1951) indicates that in the middle of the nineteenth century this breed was formed by a single herd. Later it was fragmented into three herds for around thirty years of the twentieth century, but in the 1950s the number of animals did not exceed 150. Moreover, the animals analysed in this work are offspring (as are most of the animals in the current population) of the founder nucleus of Censyra, created in the 70s, from which, when the census was increased, these six collaborating herds were created.
At present, the results suggest that gene flow between herds is scarce. Although this gene flow should be represented by the animals that are not grouping in their herds (mainly the males), some reproductive isolation in the herds has led to a certain population genetic drift, causing the slight genetic differentiation detected between them.
Male animals are grouped in two clusters; five males are clustered with the "San Rafael" herd, the other five constitute a separate group more related to one of the groups from the "Censyra" herd.
There are several possible reasons for these groupings. Some of the latter five males have high relatedness coefficients. However, genetic relatedness cannot be the only explanation because similar or even higher relatedness coefficients have been found in other animals analysed (Parejo 1999) . In some cases this situation may have arisen due to uncertain genealogical data and it is possible that these animals are descendants of animals from the herd in which they are grouped. Moreover, the ancestries of ten of the animals analysed (16.7%) were unknown and other 22 animals (36.7%) had some parent belonging to generation zero. In this sense, we have measured the degree of relationship between the matrices of genetic distances and relatedness coefficients, and obtained a very low correlation coefficient (r = 0.06) when all animals were included, and three times higher if only animals with known pedigrees were included.
Attempts to preserve the Blanca Cacereña cattle have steadily increased the number of animals but have also increased the average inbreeding coefficient (Parejo 1999) and the results of the present study show that the population has been split. These facts suggest that the breed may become extinct in a few generations, above all if the mating remains uncontrolled.
Since genetic diversity is small and fertility problems have been detected in some animals, the knowledge of the genetic distance among the different animals, and the genetic diversity within herds, through RAPD markers, could be useful for conservation of this breed. Thus, it is possible to plan more adequate mating between the most genetically distant animals in order to maintain the genetic diversity and to preserve this breed. Therefore, monitoring genetic diversity through RAPD analysis may help to improve the efficiency of conservation efforts for the Blanca Cacereña breed in Spain.
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